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Abstract 
Variable Advisory Speed Systems (VASS) provide drivers with advanced warning regarding traffic speeds 
downstream to help them make better decisions. The objective of this study was to perform a statistical analysis on 
pertinent performance data to evaluate VASS effectiveness on queue mitigation.  A VASS was deployed at a work 
zone on a freeway in Utah, consisting of five sensors and two variable message signs.  The data showed that the 
VASS was effective on weekends during evening peak hours when there was a slowdown in the work zone approach.  
No consistent significance was seen on weekdays during the evening peak period. 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC).   
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1. Introduction 
With an increase in population comes more traffic, and with more traffic comes the need to upgrade, 
rehabilitate, or replace existing transportation infrastructure.  During the necessary construction, to 
improve the infrastructure, there is a need to control the amount of delay that drivers will experience.  An 
integral part of controlling delay is to look at the cause of delay.  One such cause of delay, addressed in 
this study, is that associated with the approach to a work zone.  During construction, various traffic 
control measures are necessary to get the work done efficiently and on time.  They range from systems 
that are strictly mechanical to those that require complicated electronics applications.  One such 
technologically advanced system is a Variable Advisory Speed System (VASS).  
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Research done on VASSs usually includes a discussion on variable speed limit (VSL) systems.  Due to 
limitations on the policy established by the Utah Department of Transportation (UDOT) a VSL system is 
not practical to investigate in this study.  The UDOT policy that addresses speed reductions in work zones 
is UDOT 06C-61.  This policy allows for speeds on a road with a speed limit at or above 60 mph to be 
reduced by 10 mph for up to 20 calendar days without a Traffic Engineering Order (TEO), and on roads 
with speed limits less than 60 mph the speed can be reduced by 5 mph for up to 20 calendar days without 
a TEO.  Obtaining a TEO involves a somewhat lengthy process and for the purpose of this study it was 
not practical to try and get an exception.  A VASS is ideal for this study and does not require a TEO by 
allowing lower speeds to be advised to drivers without making them enforced speed limits. 
The existence of the VASS concept was presented at the 2007 Annual Meeting of the Transportation 
Research Board (Kwon et al. 2007). VASS has not been used around the country like many VSL systems, 
which have similar components.  Therefore, UDOT desired to evaluate whether a VASS would work at 
work zones on Utah’s highways to help mitigate congestion problems as well as possibly improve the 
safety of Utah highways. 
The VASS explored in this study consisted of multiple microwave sensors and Variable Message 
Signs (VMSs) that can be placed at the entrance to a highway work zone.  The work zone area includes 
the area before the actual construction work begins, referred to as the work zone entrance (FHWA 2009).  
The expected benefit of providing drivers with a variable advisory speed is that chaos directly upstream 
of the entry to the work zone can be decreased, thus reducing the queue that is often associated with 
upstream work zone sections.  The presence of a large number of vehicles trying to enter the work zone is 
a typical picture of the approach to a work zone during peak hours when higher traffic volumes are 
anticipated. This problem is further influenced by the need to slow down in work zones.  By 
implementing a VASS in the approach to the work zone entrance UDOT engineers hope to reduce the 
level of the chaotic traffic condition, ensure that the vehicles travel at a safe speed as they approach the 
work zone, and increase the throughput of vehicles in the work zone, thus decreasing the delay to drivers.  
Implementing a VASS may help reduce queue and make driving through work zones less stressful for 
drivers and, as a by-product, decrease the potential for traffic crashes in the work zone approach area. 
This paper presents a brief review of literature available on use of variable speed concepts, study site 
description and data collection method, data analysis and conclusion and recommendations. 
2. Literature review 
The purpose of this literature review is to examine different strategies of queue mitigation and 
compare them to VASSs.  There are many different methods currently utilized that can help reduce queue 
in work zone areas: some are non-technical and others are technical.  Literature on VSL systems was 
carefully reviewed. The reason for studying VSL was that more research has been done on VSLs than 
VASSs and the concept used for VSLs were similar to those of a VASS. Hence, benefits achieved by 
using a VSL system can give some insights into the potential benefits of using a VASS at work zones. 
There are non-technical and technical approaches for queue mitigation at work zones. This paper presents 
a short summary of literature review on technical methods.  Refer to Saito et al. (2008) for non-technical 
methods. 
With the continued growth of technology including smart phones and the Internet, if the information 
on road construction or even information on delay could be given to drivers before they enter the freeway 
or get caught up in the queue, much of the problems associated with delay could be avoided.  This is an 
approach that incorporates the use of a web site to give drivers real time data, such as road closures and 
delay.  This method can be useful in many areas as well as other techniques, such as lanes closures, and 
especially intelligent transportation systems (ITSs).  ITSs include but are not limited to any system that 
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utilizes multiple forms of dynamic automated data collection and information dissemination systems such 
as VASS and VSL applications, websites, texting, and email updates (Saito et al. 2008).   
Kwon et al. (2007) stated that the use of variable speed limit control had long been recognized as one 
of the promising tools for managing work zone traffic flows. VSLs have been used as a method of helping 
alleviate congestion in work zones.  Systems similar to the VASS have been implemented and used in 
various locations in and out of the United States. These systems range from weather related systems such 
as the system implemented along the E18 test site in Finland (Rama 1999), to systems that are 
complicated enough to use a photo enforcement technique (Benekohal et al. 2008).  In addition, many 
studies have been done that are simply a computer simulation of a real highway such as one done on a 
section of I-4 in Orlando, Florida (Abdel-Aty et al. 2006). 
Much of the research on VSL systems suggests that they should be implemented in such a way that the 
drivers can have adequate time to adjust their speed.  It was found, in a study done using a driving 
simulator, that drivers did not follow VSLs from VMSs particularly when they were given an abrupt 
change in speed limit.  However, when the speed limit was changed gradually, drivers were much more 
likely to follow the VSL from the VMS and speed variations were reduced (Abdel-Aty et al. 2008).  It 
seems that drivers may not feel that an abrupt change in their speed is necessary, whereas a gradual 
change in speed limit seems much more reasonable to drivers. 
Another area of research that has been done regarding VSL systems is the area of enforcement.  If a 
speed limit is implemented, to be effective it must be enforced.  An area that has been recently researched 
is that of automated enforcement.  Automated enforcement is simply a way to automate the enforcement 
of speed limits by using a system that takes photos of the vehicle and then a ticket is mailed to the owner 
of the vehicle.  According to a literature review done by UC Davis (Rodier et al. 2007) “in the U.S., 
automated speed enforcement programs are currently operated in only 11 states and in Washington D.C., 
most of which are located on residential streets and not highways.”  The first state to authorize the use of 
automated speed photo enforcement (SPE) was Illinois (Benekohal et al. 2008).  The study used a van 
that is equipped with two radars.  The first radar checked the vehicles speed and sent a warning to the 
driver if they are speeding, similar to a radar trailer.  If the driver did not slow down by the time they 
passed the second sensor the van would automatically take a photo of the vehicle and a ticket could be 
issued to the driver or owner.  This study reported that using an automated photo enforcement system 
might be effective in reducing the number of speeders in work zones.  The presence of the SPE van may 
simply remind drivers that they need to slow down in work zones (Benekohal et al. 2008). 
Although similar in concept a VSL is more restrictive than the scope of the VASS evaluated in this 
study.  In summary, minimal research has been done on VASSs used for queue mitigation in work zones.  
The study was the first one on a VASS that used regular-sized VMSs to convey advisory speeds to the 
drivers. A similar study by Kwon et al. (2007) used a smaller sign, the size of a typical speed limit sign to 
show variable speeds to the drivers.  
3.  Study site description and deployment 
The site selected was the northbound approach to the Beck Street widening work zone at the north end 
of Salt Lake County.  This construction project replaced several bridges and widened the road for about 3 
miles, including the addition of a high occupancy vehicle (HOV) lane in each direction.  The work zone 
was selected because it was a long-term work zone, its traffic control plans did not change significantly in 
the approach to the work zone entry, and the majority of drivers would be familiar with the work zone 
area.  This work zone used a movable median barrier system and the number of lanes available in the 
northbound changed; three lanes were open during evening peak hours on weekdays (Monday through 
Friday), two lanes were open during other hours on weekdays.  On weekends the lane configuration did 
665 Aaron B Wilson and Mitsuru Saito /  Procedia - Social and Behavioral Sciences  43 ( 2012 )  662 – 670 
not change and there were only two lanes open during all hours of the day. The system equipment and 
software deployed for this study were owned and operated by ASTI-Transportation (ASTI).  The system 
consisted of five microwave sensors that measured speed, volume, and occupancy for each of the lanes of 
traffic.An outline of the work zone entrance area is shown in Fig. 1. The relatively short distance of the 
system included all sensors and VMSs.  The main reasons for the short distances were: limited space 
available at the work zone entrance, the relationship with other highway configurations in the work zone, 
and compliance with the Manual on Uniform Traffic Control Devices (MUTCD) rules and regulations for 
placing VMSs in work zones (FHWA 2009). 
3.1. Deployment and calibration 
The sensors and VMSs were deployed by Brigham Young University (BYU) researchers with the 
assistance of the UDOT Research Division and the UDOT construction crew on Tuesday, March 9, 2010.  
The sensor and VMS locations can be seen in Fig1.  After the sensors were placed in the designated 
locations each sensor was aligned, leveled, and calibrated to gather data from only the lanes of active 
traffic. 
The calibration was done by using a radar gun to measure the speed of an approaching vehicle and 
then verifying that the correct speed showed up on the sensor, as an example, the radar gun was used to 
measure the speed of a vehicle in lane 1 traveling about 65 mph and then the lane configuration was 
monitored on the computer to verify that the sensor recorded a vehicle traveling about 65 mph in lane 1.  
This process was repeated for all sensors in the system.  After all sensors were calibrated the system was 
ready to receive data and be activated. 
Once the system was deployed and the system activated, ASTI provided a private website where BYU 
researchers and technical advisory committee (TAC) members for the study could view the speed 
measured by the sensors and the current message displayed on the VMSs.  The web site provided a way 
to remotely verify that the system was functioning properly in conjunction with BYU’s access to UDOT 
cameras in the study area from the BYU Transportation Laboratory. 
3.2. VMS message 
The decision was made regarding the message that the VMS would display during different degrees of 
slowdown.  It was decided that at speeds at or above 55 MPH the VMS would display, in three lines of 
text, “55 MPH TRAFFIC AHEAD” because the work zone speed limit was 55 mph, for speeds between 
15 mph and 55 mph the message would round down to the nearest 5 mph speed and display, “XX MPH 
TRAFFIC AHEAD,” where the “XX” represented the lowest average speed rounded down to the nearest 
5 mph.  For speeds below 15 mph the VMS would display “STOPPED TRAFFIC AHEAD.”  An 
example of what the VMS would look like is presented in Fig. 2. 
3.3. Issues with turning on the VMSs 
The data collection consisted of two parts, collection of before data and collection of after data.  
During the before data collection the VMS boards were overridden to show a blank screen, and the 
system did not show an advisory speed.  It became apparent that there were a few questions that would 
need to be answered prior to turning on the VMS boards, to ensure safety in the test area, they were: 
Is the message clear to drivers? 
How does the public know what the message means? 
Does the Utah Highway Patrol (UHP) consider this speed an enforceable speed limit? 
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Does the system meet current MUTCD requirements? 
Are the VMSs placed in the best location to reach all drivers? and 
Will crash potential increase with more traffic control devices? 
All of these questions were very important; therefore, efforts were made to ensure that that these 
questions were answered to ensure safety in the work zone, prior to turning on the VMSs.  After the 
issues with the VMSs were resolved the after data collection began on April 27, 2010 and lasted till early 
June 2010. 
Fig. 1. Sensor locations (background image by Utah AGRC) 
Fig. 2. Sample of VMS images  
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4. Data analysis 
The data were evaluated to see when there were slow downs.  Graphs were created for each 24 hour 
period of the day.  The graphs were investigated to see what days there were slowdowns and what days 
there were no slowdowns.  It was observed that there was rarely a slowdown in the hours other than the 
evening peak period.  As a consequence of this discovery, analysis on the data was only done on the peak 
period.  As an example, Fig 3 shows the graph of Saturday, May 15, 2010 when there was a slow down 
during the evening peak.   
The data were then grouped into 15-minute time intervals, and were analyzed using SAS statistical 
software (SAS 2008) to investigate the possibility of statistical differences between the before and after 
volume data.  Interactions that were investigated include weather, daygoup, time of day, and existence of 
a significant slowdown.  A slowdown was defined as observed speeds falling below 50 mph for a period 
of 30 minutes or more, and the evening peak was defined as the time from 3:00 p.m. to 7:00 p.m.  
Significance in difference was tested at the 95 percent confidence level.   
After the initial statistical analysis was done it was discovered that weather was not a factor that could 
be compared using the before and after data due to limited types of weather during the study period.  It 
was also found that there was not enough consistency in the volume data to come to any statistical 
conclusions because the number of lanes changed and volume data were only collected on the lanes that 
were always available for traffic due to difficulties in reconfiguring microwave sensors every time land 
configurations change.  That is, no statistical conclusions can be made regarding the effectiveness of the 
VASS at mitigating queues in terms of the volume data that were collected.  Therefore, surrogate 
parameters were investigated to evaluate the effectiveness of the system.  These parameters included 
mean speed, 15th percentile seed, 85th percentile speed, and speed variance. 
In this paper a summary of analysis on mean speeds and speed variances are presented. The means test 
was performed on mean speeds and the F-test was performed on speed variances. Their analysis results on 
means speeds and speed variances are summarized in Table 1 and Table 2 respectively. The tables present 
the statistical significance in difference of the before and after speed data at a 95 percent level of 
confidence as well as the means, given the factors used for analysis.  The tables show the daygroup, 
significance, after mean, after sample size (n), before mean, before sample size (n), and the difference 
between the after and the before means for each sensor from top to bottom starting with Sensor 1 and 
progressing to sensor 5.  The daygroup shows the particular day or group of days that were analyzed 
together.  The meaning of the significance column is that if the difference in before and after data is 
considered statistically significant then there is a “Yes” in the significance column; otherwise “No” 
appears in the same column. The difference column shows the difference between the before data and the 
after data and is shown to help express how different the before and after data are.  The instances that 
were statistically significant are shown in light gray and those that were not statistically significant are not 
highlighted. 
In this paper a summary of analysis on mean speeds and speed variances are presented. The means test 
was performed on mean speeds and the F-test was performed on speed variances. Their analysis results on 
means speeds and speed variances are summarized in Tables 1 and 2 respectively. The tables present the 
statistical significance in difference of the before and after speed data at a 95 percent level of confidence 
as well as the means, given the factors used for analysis.  The tables show the daygroup, significance, 
after mean, after sample size (n), before mean, before sample size (n), and the difference between the 
after and the before means for each sensor from top to bottom starting with Sensor 1 and progressing to 
sensor 5.  The daygroup shows the particular day or group of days that were analyzed together.  The 
meaning of the significance column is that if the difference in before and after data is considered 
statistically significant then there is a “Yes” in the significance column; otherwise “No” appears in the 
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same column. The difference column shows the difference between the before data and the after data and 
is shown to help express how different the before and after data are.  The instances that were statistically 
significant are shown in light gray and those that were not statistically significant are not highlighted. 
Fig. 3. Example of daily speed graph 
The results of the statistical analysis, when there was a slow down during the evening peak, showed 
that, at the 95 percent confidence level, there was a statistical difference in mean speeds of traffic at all 
sensors on the weekends. At all sensors, mean speeds increased while the VASS was turned on, indicating 
better traffic flow. Speed variances were also looked at when there was a significant slowdown during the 
evening peak.  Similarly at the 95 percent confidence level it was found that the variances in speed were 
reduced in general at sensors 1, 3, and 4 while the VASS was turned on. At all sensors speed variances 
decreased. These results indicated that the traffic flow in the work zone approach was in general better 
with the VMSs turned on and the VASS active. 
It may be speculated that drivers on weekends were unfamiliar drivers instead of weekday commuters. 
Not being familiar with work zone conditions, drivers might have been more likely to heed the speed 
message presented on VMSs.  Another speculation is that the difference in speed between the before and 
after data was more significant because the capacity of the freeway was reduced for the northbound traffic 
on weekends.  On the weekends the northbound lanes only had two lanes whereas on weekdays three 
lanes were given to the northbound drivers during the evening peak period. Though these ideas are stated 
here, they are purely speculative and the results of this study neither confirm nor disprove them. 
5. Conclusions and recommendations 
The effectiveness of a VASS at mitigating queues at work zones was evaluated in the study.  Due to 
the limitations and inconsistencies with the volume data, speed was used as a surrogate parameter for 
evaluating the effectiveness of the VASS used in this study. The statistical analysis indicated that when 
there was no slow down present in the work zone during the evening peak, the VASS did not affect driver 
behavior.  The analysis also showed that when there was a slow down during the weekend evening peak 
period, the VASS was in general effective at increasing mean speeds and decreasing speed variances, thus 
providing smooth traffic flow to drivers. During the weekday evening peak period when there was a 
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slowdown, the difference between the before and after data was not statistically significant most of the 
time. 
Table 1. Summary of results from the means test on mean speeds during evening peak 
Table 2. Summary of results from the F-test on speed variances during evening peak 
Sensor # Slowdown? Daygroup Significance After n Before n Difference Slowdown? Daygroup Significance After n Before n Difference
S1 No Friday - - - 14.06 32 - Yes Friday No 28.94 112 14.06 16 14.88
Monday No 16.81 37 18.84 32 -2.03 Monday No 17.81 47 15.68 32 2.13
Weekend Yes 11.22 32 9.12 16 2.10 Weekend Yes 17.64 144 26.83 38 -9.19
Workday No 16.08 181 15.76 176 0.32 Workday No 35.16 142 45.02 16 -9.86
S2 No Friday - - - 10.30 32 - Yes Friday Yes 19.62 112 9.06 16 10.56
Monday No 10.63 37 9.86 32 0.77 Monday No 15.92 47 15.13 32 0.79
Weekend No 8.88 32 10.24 16 -1.36 Weekend No 35.52 144 38.81 38 -3.29
Workday Yes 10.30 181 9.86 176 0.44 Workday No 21.81 142 17.98 16 3.83
S3 No Friday - - - 17.22 32 - Yes Friday No 26.01 112 26.52 16 -0.51
Monday No 10.96 37 14.06 32 -3.11 Monday No 25.10 47 28.30 32 -3.20
Weekend Yes 12.32 32 46.24 16 -33.92 Weekend Yes 55.20 144 77.26 38 -22.06
Workday No 12.25 181 12.11 176 0.14 Workday No 28.41 142 21.90 16 6.51
S4 No Friday - - - 9.30 32 - Yes Friday No 22.28 112 25.40 16 -3.12
Monday No 8.64 37 8.76 32 -0.12 Monday No 21.72 47 24.21 32 -2.49
Weekend No 7.84 32 15.52 16 -7.68 Weekend Yes 43.96 144 64.96 38 -21.01
Workday No 8.35 181 8.41 176 -0.06 Workday No 26.73 142 23.23 16 3.50
S5 No Friday - - - 6.20 32 - Yes Friday No 20.25 112 29.27 16 -9.02
Monday No 7.13 37 9.42 32 -2.30 Monday No 17.06 47 23.52 32 -6.47
Weekend No 7.40 32 11.97 16 -4.57 Weekend No 49.98 144 55.65 38 -5.67
Workday Yes 6.05 181 7.34 176 -1.29 Workday No 21.44 142 13.10 16 8.33
Sensor # Slowdown ? Daygroup SignificanceAfter n Before n Difference Slowdown ? Daygroup SignificanceAfter n Before n Difference
S1 No Friday - - - 68 32 - Yes Friday Yes 59 112 70 16 -11
Monday No 68 37 66 32 2 Monday No 67 47 66 32 1
Weekend Yes 69 32 71 16 -2 Weekend Yes 65 144 59 38 6
Workday No 68 181 67 176 1 Workday No 61 142 61 16 0
S2 No Friday - - - 66 32 - Yes Friday Yes 55 112 67 16 -12
Monday No 65 37 64 32 1 Monday No 61 47 63 32 -2
Weekend Yes 65 32 68 16 -3 Weekend Yes 56 144 48 38 8
Workday Yes 64.7 181 65 176 -0.3 Workday No 57 142 55 16 2
S3 No Friday - - - 67 32 - Yes Friday No 57 96 63 16 -6
Monday No 66 37 66 32 0 Monday No 60 47 63 32 -3
Weekend No 62 32 62 16 0 Weekend Yes 49 112 43 38 6
Workday No 67 181 67 176 0 Workday No 57 142 57 16 0
S4 No Friday - - - 63 32 - Yes Friday No 53 112 60 16 -7
Monday No 64 37 62 32 2 Monday No 56 47 58 32 -2
Weekend No 60 32 61 16 -1 Weekend Yes 49 144 44 38 5
Workday No 63 181 63 176 0 Workday No 54 142 53 16 1
S5 No Friday - - - 62 30 - Yes Friday No 49 112 50 16 -1
Monday No 61 37 59 32 2 Monday No 52 47 52 32 0
Weekend No 60 32 60 16 0 Weekend Yes 48 144 42 38 6
Workday No 61 181 61 176 0 Workday No 49 142 51 16 -2
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Renting a VASS costs money, for the specific system rented.  Therefore, it is recommended that 
engineers investigate the possibility of queue occurrence and estimate the cost of the implementation at a 
proposed work zone, and the type of VASS, in order to decide if a VASS will be feasible at the desired 
location. This study was done at a work zone with a movable median barrier that prevented the 
researchers from using volume as a performance evaluation parameter. The study results, hence, may be 
site specific.  It is recommended that further studies be done at work zones without a movable median 
barrier to further investigate the effectiveness of a VASS on queue mitigation. 
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